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COORDINATION OF SPECTRUM USAGE
RIGHTS AMONG ENTITIES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s the U.S. National Stage of PCT/
US2013/047959, filed Jun. 26, 2013, the contents of which

are hereby incorporated by reference herein in 1ts entirety.

TECHNICAL FIELD

This disclosure relates generally to spectrum usage man-
agement, and 1n particular, to coordination of spectrum usage
rights among entities, such as spectrum owners, network
operators, or other entities.

BACKGROUND ART

As a result of the recent imnflux of emerging wireless tech-
nologies and the growing number of users subscribing to
wireless services, the wireless spectrums available to many
service providers or other network operators have become
increasingly congested. Congestion may, for example, lead to

poor quality of service relating to low throughput, dropped
packets, errors, latency, jitter, out-of-order delivery, or other
1SSues.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a high-level functional block diagram of a
system for coordination of spectrum usage rights among enti-
ties, 1n accordance with various aspects of the present disclo-
sure.

FI1G. 2 illustrates a high-level functional block diagram of
a spectrum management platform, in accordance with various
aspects of the present disclosure.

FIG. 3 depicts a high-level tlow diagram of a process for
coordination of spectrum usage rights among entities, 1n
accordance with various aspects of the present disclosure.

FIG. 4 depicts a high-level flow diagram of a process for
managing requests for deallocation of one or more frequency
ranges, 1n accordance with various aspects of the present
disclosure.

FIG. 5 depicts a high-level flow diagram of processes for
coordination of spectrum usage rights among entities, 1n
accordance with various aspects of the present disclosure.

DETAILED DESCRIPTION

In the description that follows, like components may be
given the same reference numerals, regardless of whether
they are shown in different embodiments. To 1llustrate an
embodiment(s) of the present disclosure 1n a clear and con-
cise manner, the drawings may notnecessarily be to scale and
certain features may be shown 1in somewhat schematic form.
Features that are described and/or 1llustrated with respect to
one embodiment may be used 1n the same way or 1in a stmilar
way 1n one or more other embodiments and/or 1n combination
with or 1nstead of the features of the other embodiments.

In accordance with various embodiments of this disclo-
sure, devices, systems, and/or methods for coordination of
spectrum usage rights among entities. In one embodiment, a
communication device for coordination of spectrum usage
rights among entities may include a memory unit, and logic
configured to: recerve, from a first entity, spectrum 1nforma-
tion relating to a first frequency range available for allocation
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2

to an entity; store the spectrum imformation in a database,
wherein the database includes information relating to 1ire-
quency ranges available for allocation to an entity and infor-
mation relating to frequency ranges allocated to an entity;
receive a request for allocation of at least one frequency range
to a second entity; query the database for at least one fre-
quency range available for allocation to the second entity
based on the allocation request; determine that the first fre-
quency range 1s available to satisty the allocation request
based on the query and the storage of the spectrum informa-
tion; and allocate the first frequency range to the second entity
based on the determination that the first frequency range 1s
available to satisiy the request.

In another embodiment, a system for coordination of spec-
trum usage rights among entities may include a communica-
tion device that includes a memory unit and logic configured
to: recerve, from a first entity, spectrum information relating
to a first frequency range available for allocation to an entity;
store the spectrum information in a database, wherein the
database includes information relating to frequency ranges
available for allocation to an entity and information relating
to frequency ranges allocated to an entity; receive a request
for allocation of at least one frequency range to a second
entity; query the database for at least one frequency range
available for allocation to the second entity based on the
allocation request; determine that the first frequency range 1s
available to satisty the allocation request based on the query
and the storage of the spectrum information; and allocate the
first frequency range to the second entity based on the deter-
mination that the first frequency range is available to satisiy
the request.

In another embodiment, a method for coordination of spec-
trum usage rights among entities may include: receiving,
from a {irst enftity, spectrum information relating to a first
frequency range available for allocation to an entity; storing
the spectrum mformation 1n a database, wherein the database
includes information relating to frequency ranges available
for allocation to an entity and information relating to fre-
quency ranges allocated to an entity; receiving a request for
allocation of at least one frequency range to a second entity;
querying the database for at least one frequency range avail-
able for allocation to the second entity based on the allocation
request; determining that the first frequency range 1s available
to satisty the allocation request based on the query and the
storage of the spectrum information; and allocating the first
frequency range to the second entity based on the determina-
tion that the first frequency range 1s available to satisfy the
request.

These and other features and characteristics, as well as the
methods of operation and functions of the related elements of
structure and the combination of parts and economies of
manufacture, will become more apparent upon consideration
of the following description and the appended claims with
reference to the accompanying drawings, all of which form a
part of this specification, wherein like reference numerals
designate corresponding parts in the various figures. It1s to be
expressly understood, however, that the drawings are for the
purpose of illustration and description only and are not
intended as a definition of the limits of claims. As used 1n the
specification and 1n the claims, the singular form of *“a,” “an,”
and “the” include plural referents unless the context clearly
dictates otherwise.

FIG. 1 depicts a high-level functional block diagram of a
system 100 for coordination of spectrum usage rights among,
entities, 1n accordance with various aspects of the present
disclosure. As illustrated, system 100 includes a spectrum
management platform 102 for coordinating spectrum usage
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rights among entities, such as spectrum owners, network
operators, or other entities. Spectrum management platform
102 may be implemented on or included as part of a commu-
nication device. A communication device may, for instance,
comprise any of a number of electronic and/or computing
devices, both wireless and wired. As such, in some embodi-
ments, communication devices may comprise one or more of
servers, desktops, laptops, mobile devices, smart phones,
and/or other devices.

Spectrum management platform 102 may communicate
with one or more of spectrum owner platforms 104 (or plat-
torms 104a-104%), network operator platforms 106 (or plat-

tforms 106a-106#), users 108 (or users 108a-1087), a data-
base 110, or other components of system 100 via one or more
communication networks to facilitate coordination of spec-
trum usage rights among entities. It should be noted that the
communication mechanisms and networks as described
herein are not mtended to be limiting in any way, as the
communications could be based on one or more standards and
protocols including, but not limited to, Ethernet, Wi-F1, Wi-Fi
Direct, Bluetooth, NFC, radio frequency, GSM, CDMA,
GPRS,3Gor4G (e.g., WIMAX, LTE, etc.) cellular standards,
Wireless USB, satellite communication, infrared, sonar, etc.
As used herein, a communication network may comprise the
Internet or any other suitable network, such as peer-to-peer,
intranets, extranets, or other networks.

In one embodiment, with respect to FIG. 1, spectrum man-
agement platiorm 102 may receive spectrum information
from a first entity. For example, the spectrum information
may relate to a first frequency range available for allocation to
an entity. The spectrum information recerved from the first
entity may specily: (1) the first frequency range (e.g., 512
Mhz, 710-719 MHz, etc.); (2) bandwidth associated with the
first frequency range; (3) an owner of the first frequency
range; (4) a location where use of the first frequency range 1s
available for allocation (e.g., latitude/longitude coordinates
where the first frequency range 1s available, coverage radius
defining the coverage area of the first frequency range, etc.);
(5) maximum transmission power permitted over the first
frequency range; (6) one or more types of entities that are
permitted to be allocated the frequency range; (7) a whitelist
ol specific entities that are permaitted to be allocated the fre-
quency range; (8) a blacklist of specific entities that are not
permitted to be allocated the frequency range; (9) a duration
for an allocation of the frequency range (e.g., duration of a
lease of usage rights associated with a frequency range allo-
cation or other specified duration); (10) one or more costs 1n
exchange for allocation of the frequency range (e.g., costs to
a network operator to lease usage rights associated with a
frequency range allocation or other costs); or (11) other infor-
mation relating to the first frequency range.

The first entity may represent a spectrum owner that owns
the first frequency range (e.g., an mncumbent or other spec-
trum owner of the first frequency range). The first entity may
be the spectrum owner, an agent of the spectrum owner, or
other enfity representing the spectrum owner. In one use case,
one of the spectrum owner platforms 104 may transmit spec-
trum information to spectrum management platform 102 on
behalf of the first entity. Spectrum management platform 102
may then store the spectrum information in database 110
(e.g., a spectrum database or other database). Database 110
may include information relating to frequency ranges avail-
able for allocation to an entity, information relating to fre-
quency ranges unavailable for allocation to an entity, infor-
mation relating to frequency ranges allocated to an entity for
that entity’s use, or other information.
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4

In another embodiment, spectrum management platform
102 may receive a request for allocation of at least one fre-
quency range to a second entity. The second entity may rep-
resent a network operator. The second entity may, for
instance, be the network operator, an agent of the network
operator, or other entity representing the network operator. In
one scenario, one of the network operator platforms 106 may
transmit the allocation request to spectrum management plat-
form 102 on behalf of the second entity. Spectrum manage-
ment platform 102 may query database 110 for at least one
frequency available for allocation to the second entity based
on the allocation request. Spectrum management platiorm
102 may determine one or more frequency ranges that are
available to satisty the allocation request based on the query.
In one use case, the frequency ranges determined to be avail-
able to satisty the allocation request may include the first
frequency range. For example, based on the storage of the
spectrum 1nformation relating to the first frequency range in
database 110, the query may include a processing of the
spectrum information that return results indicating that the
first frequency range 1s available for allocation to the second
entity to satisiy the allocation request.

In another embodiment, spectrum management platform
102 may allocate the first frequency range or other frequency
range to the second entity based on the determination that the
first frequency range or the other frequency range 1s available
to satisty the allocation request. By way of example, in
response to the allocation of the first frequency range, the
second entity may be allocated rights to use the first frequency
range 1n accordance with a service level agreement (e.g., a
service level agreement associated with the first frequency
range, a service level agreement among one or more of an
entity running spectrum management platform 102, the first
entity, or the second entity, or other service level agreement).

In another embodiment, spectrum management platform
102 may update database 110 to indicate that the first fre-
quency range 1s allocated to the second entity based on the
allocation of the first frequency range. For example, 1n
response to the allocation, the spectrum information stored in
database 110 that relates to the first frequency range may be
updated to 1indicate that the first frequency range 1s allocated
to the second entity. Additionally, or alternatively, the spec-
trum 1nformation may be updated to indicate that the first
frequency range 1s currently unavailable for allocation to an
entity, updated to specity when the first frequency range will
be become available for allocation to an entity, or updated to
provide other information.

In another embodiment, spectrum management platform
102 may remove the allocation of the first frequency range
from the second entity based on an occurrence of one or more
conditions for deallocation of the first frequency. The condi-
tions may include conditions relating to an expiration time
associated with the allocation of the first frequency range, a
deallocation request from an entity (e.g., a spectrum owner of
the first frequency range, a network operator that 1s current
allocated the first frequency range, an entity having allocation
priority over the network operator currently allocated the first
frequency range, or other entity), or other conditions.

In another embodiment, spectrum management platform
102 may update the database to indicate that the first fre-
quency range 1s available for allocation to an entity based on
the removal of the allocation of the first frequency range from
the second entity. For example, 1n response to the allocation
removal, the spectrum information stored in database 110 that
relates to the first frequency range may be updated to indicate
that the first frequency range 1s no longer allocated to the
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second entity, to indicate that the first frequency range 1s
available for allocation to an entity, etc.

In another embodiment, spectrum management platform
102 may notify the second entity regarding an expiration time
associated with the allocation of the first frequency range. By
way ol example, the nofification may be provided to the
second entity within a predetermined time period before the
expiration time. In one scenario, a network operator that 1s
currently allocated a frequency range may renew or extend
the frequency range allocation such that the frequency range
remains allocated to the network operator after an initial
expiration time associated with the frequency range alloca-
tion. A notification that 1s provided to the network operator
prior to the imtial expiration time may include an alert regard-
ing the expiration time along with information indicating
steps to renew or extend the frequency range allocation (e.g.,
by clicking on a renew/extend link or other performing other
actions). In this way, the second entity may take steps to
renew or extend the frequency range allocation, imitiate
requests for one or more other frequency ranges, or make
other accommodations prior to removal of the allocation of
the first frequency range when the frequency range allocation
expires.

In another embodiment, spectrum management platform
102 may recerve a request for deallocation of the first fre-
quency range, and remove the allocation of the first frequency
range from the second enftity based on the deallocation
request. By way of example, the deallocation request may be
received from the first entity. Spectrum management platform
102 may determine that the first entity represents a spectrum
owner that owns the first frequency range. Spectrum manage-
ment plattorm 102 may remove the allocation of the first
frequency range from the second entity based on the deallo-
cation request and the determination that the first entity rep-
resents the spectrum owner.

By way of example, a request for deallocation of the first
frequency range (which may be allocated to the second entity
at the time of the receipt of the deallocation request) may be
granted 11 the deallocation request 1s 1mitiated by an owner of
the first frequency range, an entity having a higher priority
status than the second entity, or other entity associated with a
certain status. Thus, 1n response to the deallocation request
from the first entity, spectrum management platform 102 may
query database 110 for information relating to the first entity
to determine whether the first entity 1s an owner of the first
frequency range, has a higher priority status than the second
entity, etc. In this case, based on the query, spectrum man-
agement platform 102 may determine that the first entity 1s an
owner of the first frequency range. As such, spectrum man-
agement platform 102 may grant the deallocation request and
initiate actions to remove the allocation of the first frequency
range from the second entity.

In another embodiment, spectrum management platform
102 may reallocate the first frequency range to the first entity
based on the deallocation request. By way of example, the
deallocation request may include a request for allocation/
reallocation of the first frequency range to the deallocation
requestor (e.g., the first entity). As such, the first frequency
range may be reclaimed from the second entity and allocated/
reallocated to the deallocation requestor.

In another embodiment, spectrum management platform
102 may reallocate the first frequency range to a third entity
different than the first entity and the second entity based on
the deallocation request. For example, the deallocation
request may include a request for allocation/reallocation of
the first frequency range to another entity identified in the
deallocation request other than the deallocation requestor.

10

15

20

25

30

35

40

45

50

55

60

65

6

Thus, the first frequency range may be allocated/reallocated
to the identified entity after the allocation of the first fre-
quency range 1s removed from the second entity.

In another embodiment, spectrum management platform
102 may register the first entity and the second entity. Infor-
mation relating to the registration of the first entity and second
entity may be stored in database 110. By way of example,
information relating to registration of an entity may include
information relating to the entities that 1s obtained or deter-
mined during registration. Such information may include
usernames or other account i1dentifiers, passcodes or other
passwords, regulatory 1dentifications of the entities (e.g., fed-
eral agency registration numbers corresponding to the entities
or other regulatory identifications), entity types associated
with the entities, or other information. In one use case, for
instance, 11 an entity 1s a spectrum owner, the information that
may be obtammed or determined during registration may
include one or more indications of entities having permission
to use frequency ranges owned by the spectrum owner. Other
information obtained or determined during registration may
include a device identifier of a device used to register an entity
(e.g., media access control address (MAC), a serial number of
the device, or other device identifier), a network address of the
device used to register the entity (e.g., IP address, port num-
ber, etc.), a location of the device at the time of registration,
etc.

In another embodiment, spectrum management platform
102 may authenticate the allocation request (for allocation of
at least one frequency range to the second entity) based on the
information relating to the registration of the second entity. In
one use case, the allocation request may include an account
identifier of the second entity, a password ol the second entity,
and a regulatory identification of the second entity. The
account 1dentifier, password, and regulatory identification of
the second entity may be checked against the stored informa-
tion of the second entity 1n database 110 to authenticate the
allocation request by determining that the requesting entity 1s
the second entity.

In another embodiment, spectrum management platform
102 may authenticate the allocation request (for allocation of
at least one frequency range to the second entity) based on the
information relating to the registration of the first entity. In
one scenario, information obtained or determined during reg-
istration of the first entity may include one or more 1ndica-
tions of entities having permission to use Irequency ranges
owned by the first entity. As discussed, the allocation request
may include an account identifier of the second entity, a
password of the second entity, and a regulatory identification
ol the second entity. After the determining that the requesting
entity 1s the second entity based on the account 1dentifier, the
password, and the regulatory i1dentification included 1n the
allocation request, spectrum management platform 102 may
check information stored 1n database 100 that relates to the
first entity (e.g., obtamned during registration of the first
entity) to determine whether the second entity 1s an entity
permitted to be allocated the first frequency range. Upon
determining that the second entity 1s a permitted entity, the
allocation request may be authenticated.

FIG. 2 1llustrates a high-level functional block diagram of
spectrum management platform 102 for coordination of spec-
trum usage rights among entities, 1in accordance with various
aspects of the present disclosure. As an example, spectrum
management platform 102 may include a system-on-a-chip
(SoC) 202, memory 204, a communication module 206, a
spectrum information module 208, an allocation module 210,
an account module 212, and/or other components. Spectrum
management platform 102 may, for instance, also include a
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bus infrastructure and/or other interconnection means to con-
nect and communicate information between various compo-
nents of spectrum management platform 102. Spectrum man-
agement platform 102 may include a variety of peripheral
components, such as, for example, a display screen, a speaker,
a microphone, a camera, mput devices, or other peripheral
components.

In some embodiments, SoC 202 may be part of a core
processing or computing unit of spectrum management plat-
form 102, and may be configured to receive and process input
data and instructions, and to provide output and/or control
other components of spectrum management platform 102, 1n
accordance with embodiments of the present disclosure. SoC
202 may include a microprocessor, a memory controller, a
memory, and/or other components. The microprocessor may
turther include a cache memory (e.g., SRAM), which along
with the memory of SoC 202 may be part of a memory
hierarchy to store instructions and data. The microprocessor
may also iclude one or more logic modules such as a field
programmable gate array (FPGA) or other logic array. Com-
munication between the SoC 202’s microprocessor and
memory may be facilitated by the memory controller (or
chupset), which may also facilitate communication with
peripheral components.

Memory 204 may be a dynamic storage device coupled to
the bus infrastructure and configured to store information,
instructions, and programs (e.g., such as applications inte-
grated with software modules of spectrum management plat-
form 102) to be executed by processors of SoC 202 and/or
other processors (or controllers) associated with spectrum
management platform 102. Some of all of memory 204 may
be implemented as Dual In-line Memory Modules (DIMMs),
and may be one or more of the following types of memory:
Static random access memory (SRAM), Burst SRAM or Syn-
chBurst SRAM (BSRAM), Dynamic random access memory
(DRAM), Fast Page Mode DRAM (FPM DRAM), Enhanced
DRAM (EDRAM), Extended Data Output RAM (EDO
RAM), Extended Data Output DRAM (EDO DRAM), Burst
Extended Data Output DRAM (BEDO DRAM), Enhanced
DRAM (EDRAM), synchronous DRAM (SDRAM),
JEDECSRAM, PCIOO SDRAM, Double Data Rate
SDRAM (DDR SDRAM), Enhanced SDRAM (ESDRAM),
SyncLink DRAM (SLDRAM), Direct Rambus DRAM
(DRDRAM), Ferroelectric RAM (FRAM), or any other type
of memory device. Spectrum management platform 102 may
also 1nclude read only memory (ROM) and/or other static
storage devices coupled to the bus infrastructure and config-
ured to store static information and instructions for proces-
sors of SoC 202 and/or other processors (or controllers) asso-
ciated with spectrum management platform 102.

Communication module 206 may be configured to facili-
tate communication among components of spectrum man-
agement platform 102, along with communication between
components of spectrum management platform 102 and
devices external to spectrum management platiorm 102 (e.g.,
spectrum owner platforms 104, network operator platiorms
106, users devices associated with users 108, database 110, or
other devices). Communication module 206 may, {for
instance, perform initial processing of received messages to
determine where the messages are to be forwarded and/or
how those messages should be further processed. In one use
case, for mstance, communication module 206 may be con-
figured to recerve spectrum information and forward the spec-
trum 1nformation to spectrum information module 208 based
on an 1nitial processing of the spectrum information.

Spectrum mnformation module 208 may be configured to
manage mformation relating to frequencies. Managed 1nfor-
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mation may, for instance, include information relating to
frequency ranges available for allocation to an entity, infor-
mation relating to frequency ranges unavailable for allocation
to an entity, information relating to frequency ranges allo-
cated to an entity for that entity’s use, or other information. In
one embodiment, spectrum information module 208 may be
configured to store spectrum information relating to one or
more frequency ranges in response to receiving the spectrum
information from a spectrum owner that owns the frequency
ranges. In another embodiment, spectrum information mod-
ule 208 may be configured to update database 110 1n response
to allocation of available frequency ranges to an entity, deal-
location of frequency ranges allocated to an entity, modifica-
tion of permissions associated with allocation of frequency
ranges, or other changes.

Allocation module 210 may be configured to manage allo-
cation, deallocation, or reallocation of frequency ranges. In
one embodiment, allocation module 210 may query database
110 for at least one frequency range available for allocation to
an entity in response to recerving a request for allocation of at
least one frequency range to the entity. Based on the query,
allocation module 210 may determine frequency ranges that
are allocable, frequency ranges that are not currently allo-
cated to another entity, frequency ranges to which the request-
ing enftity 1s permitted to be allocated, etc. If, for instance,
allocation module 210 determines that one or more frequency
ranges are available to satisty the allocation request, alloca-
tion module 210 may select one or more of the frequency
ranges for allocation to the requesting entity to satisiy the
allocation request. The selected frequency ranges may be
then be allocated to the requesting entity.

In another embodiment, allocation module 210 may handle
a request for deallocation of a frequency range that i1s cur-
rently allocated to an enfity. For example, in response to
receiving the deallocation request, allocation module 210
may determine whether deallocation of the currently-allo-
cated frequency range 1s permitted where the deallocation
request 1s from the particular deallocation requestor. In one
use case, such deallocation may be permitted where the deal-
location requestor 1s a spectrum owner of the currently-allo-
cated frequency range. Allocation module 210 may, for
instance, query database 110 for information relating to the
deallocation requestor to determine whether the deallocation
request 1s the spectrum owner. In response to determining that
the deallocation requestor 1s the spectrum owner, allocation
module 210 may initiate actions to remove the allocation of
the frequency range from the entity to which the frequency
range 1s currently allocated. Otherwise, allocation module
210 may deny the deallocation request.

In another embodiment, allocation module 210 may handle
deallocation of a frequency range that 1s currently allocated to
an entity based on an occurrence of one or more conditions for
deallocation of the currently-allocated frequency range. For
example, the conditions may include a condition relating to
an expiration time associated with the allocation of the cur-
rently-allocated frequency range. Upon determining that the
expiration time has passed or 1s approaching, allocation mod-
ule may nitiate actions to remove the allocation of the fre-
quency range from the entity to which the frequency range 1s
currently allocated.

Account module 212 may be configured to manage regis-
tration and other account-related aspects of spectrum man-
agement plattorm 102. In one scenario, account module 212
may manage registration of spectrum owners, network opera-
tors, or other entities with spectrum management platform
102. Information relating to the entities that 1s obtained or
determined during registration may, for instance, be stored 1n
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database 110 for later use. Such information may include
usernames or other account i1dentifiers, passcodes or other
passwords, regulatory identifications of the entities (e.g., fed-
eral agency registration numbers corresponding to the entities
or other regulatory identifications), entity types associated
with the entities, or other information. The stored information

may, for istance, be used to authenticate requests for alloca-
tion or deallocation of frequency ranges, to determine fre-
quency ranges that can satisty frequency range allocations
(e.g., certain frequency ranges may be reserved for particular
entity types, spectrum owners may specily particular entity
types or entities that are permitted to use frequency ranges
that they own, etc.), or for other purposes.

In another scenario, account module 212 may manage
modification of account information and/or deregistration of
an entity. As an example, a spectrum owner may modily 1ts
account information to suspend allocation of frequency
ranges ol the spectrum owner to other enfities. As another
example, network operators or other entities may close/
deregister their spectrum exchange accounts, for instance, to
avold reoccurring registration or renewal fees associated with
having a spectrum exchange account.

FIG. 3 depicts a high-level tlow diagram of a process for
coordination of spectrum usage rights among entities, 1n
accordance with various aspects of the present disclosure. It
should be noted that the process of FIG. 3 1s imntended to be
illustrative. In some embodiments, the process of FIG. 3 may
be occur with one or more additional blocks not described,
and/or without one or more of the blocks discussed. Addi-
tionally, the order with respect to the process that 1s illustrated
in FIG. 3 and described below 1s not intended to be limiting.
With such understanding 1n mind, m block 302, spectrum
management platform 102 may receive, from a first entity,
spectrum information relating to a first frequency range avail-
able for allocation to an entity. As an example, the first entity
may represent a spectrum owner that owns the first frequency
range (e.g., an incumbent or other spectrum owner of the first
frequency range). The first entity may, for instance, be the
spectrum owner, an agent of the spectrum owner, or other
entity representing the spectrum owner.

In block 304, spectrum management platiorm 102 may
store the spectrum information in database 110. As noted,
database 110 may include information relating to frequency
ranges available for allocation to an entity, information relat-
ing to frequency ranges unavailable for allocation to an entity,
information relating to frequency ranges allocated to an entity
for that entity’s use, or other information.

In block 306, spectrum management platform 102 may
receive a request for allocation of at least one frequency range
to a second entity. The second entity may represent a network
operator. The second entity may, for instance, be the network
operator, an agent of the network operator, or other entity
representing the network operator.

In block 308, spectrum management platiorm 102 may
query database 110 for at least one frequency range available
for allocation to the second entity based on the allocation
request. In one use case, the second entity may be 1dentified
based on the allocation request. Database 110 may be queried
for account iformation associated with second entity. The
allocation request may be authenticated based on the account
information associated with the second entity that 1s returned
in response to the query for the account information. Data-
base 110 may be queried for at least one frequency range
available for allocation to the second entity based on the
authentication of the allocation request (e.g., the allocation
request 1s verified as initiated by the second entity or on behalf
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ol the second entity, the second entity 1s determined to be a
registered entity with spectrum management platform 102,
etc.).

In block 310, spectrum management platform 102 may
determine that the first frequency range 1s available to satisty
the allocation request. For example, based on the storage of
the spectrum mformation relating to the first frequency range
in database 110, the query may include a processing of the
spectrum nformation that return results indicating that the
first frequency range 1s available for allocation to the second
entity to satisty the allocation request. In one use case, the
stored spectrum information may indicate that certain entity
types, including an entity type of the second entity, 1s permit-
ted to be allocated the first frequency range. The determina-
tion that the first frequency range 1s available to satisiy the
allocation request may be based on the indication that the
certain entity types include the entity type of the second
entity. In another use case, the stored spectrum information
may indicate that the second entity 1s an entity of a whitelist
of entities that are permitted to be allocated the first frequency
range. The determination that the first frequency range 1s
available to satisty the allocation request may be based on the
indication that the whitelist includes the second entity.

In block 312, spectrum management platform 102 may
allocate the first frequency range to the second entity based on
the determination that the first frequency range 1s available to
satisty the allocation request. In one use case, 1n response to
the allocation of the first frequency range, the second entity
may be allocated rights to use the first frequency range. The
allocated rights to use the first frequency range may, for
instance, be 1 accordance with a service level agreement,
such as a service level agreement associated with the first
frequency range, a service level agreement among one or
more of an entity running spectrum management platform
102, the first entity, or the second entity, or other service level
agreement.

In block 314, spectrum management platform 102 may
update database 110 to indicate that the first frequency range
1s allocated to the second entity. For example, the spectrum
information stored in database 110 may be updated to 1ndi-
cate that the first frequency range 1s currently unavailable for
allocation to an entity, that the first frequency range 1s cur-
rently allocated to the second entity, etc.

In block 316, spectrum management platform 102 may
determine an occurrence of one or more conditions for deal-
location of the first frequency range. By way of example, the
conditions may include conditions relating to an expiration
time associated with the allocation of the first frequency
range, a deallocation request from an entity (e.g., a spectrum
owner of the first frequency range, a network operator that 1s
current allocated the first frequency range, an entity having
allocation priority over the network operator currently allo-
cated the first frequency range, or other enfity), or other
conditions.

In block 318, spectrum management platform 102 may
remove the allocation of the first frequency range from the
second entity based on an occurrence of the one or more
deallocation conditions. In one use case, the second entity
may have rights to use the first frequency range while the first
frequency range 1s allocated to the second entity (e.g., to
provide users with services that utilize the first frequency
range and/or other frequency ranges, or to utilize the first
frequency range and/or the other frequency ranges for other
purposes). In response to the removal of the allocation of the
first frequency range, the second entity may no longer have
rights to use the first frequency range.
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In block 320, spectrum management platiorm 102 may
update database 110 to indicate that the first frequency range
1s available for allocation to an enfity. For example, 1n
response to the allocation removal, the spectrum information
stored 1n database 110 that relates to the first frequency range
may be updated to indicate that the first frequency range 1s no
longer allocated to the second entity, to indicate that the first
frequency range 1s available for allocation to an entity, etc.

FI1G. 4 depicts a high-level tlow diagram of a process for
managing requests for deallocation of one or more frequency
ranges, 1n accordance with various aspects of the present
disclosure. It should be noted that the process of FIG. 4 1s
intended to be illustrative. In some embodiments, the process
ol FI1G. 4 may be occur with one or more additional blocks not
described, and/or without one or more of the blocks dis-
cussed. Additionally, the order with respect to the process that
1s 1llustrated in FIG. 4 and described below 1s not intended to
be limiting. With such understanding in mind, i block 402,
spectrum management platform 102 may receive, from a first
entity, a request for deallocation of a first frequency range.
For example, the first frequency range may currently be allo-
cated to a second entity. In one use case, the first entity may
represent a spectrum owner that owns the first frequency
range. The first entity may be the spectrum owner, an agent of
the spectrum owner, or other entity representing the spectrum
owner. The second entity may represent a network operator
that provides services utilizing the first frequency range and/
or other frequency ranges to users. The second entity may be
the network operator, an agent of the network operator, or
other entity representing the network operator. It should be
noted that, 1n some embodiments, the first entity may also be
a network operator and/or the second entity may also be a
spectrum owner.

In block 404, spectrum management platform 102 may
query database 110 to determine ownership of the first fre-
quency range. For example, a request for deallocation of a
frequency range that i1s currently allocated to a particular
network operator may be granted 11 the deallocation request 1s
initiated by an owner of the currently-allocated frequency
range, an entity having a higher priority status than the par-
ticular network operator, or other entity associated with a
certain status. Thus, 1n response to a request for deallocation
of a currently-allocated frequency range, spectrum manage-
ment platform 102 may query database 110 for information
relating to the deallocation requestor to determine whether
the deallocation requestor 1s an owner of the currently-allo-
cated frequency range, has a higher priority status than the
entity that 1s currently allocated the frequency range, etc.

In block 406, spectrum management platform 102 may
determine that the first entity represents a spectrum owner
that owns the first frequency range. For example, the query of
database 110 to determine a status associated with the first
entity (e.g., the deallocation requestor) may return results
indicating that the first entity 1s the owner of the first fre-
quency range.

In block 408, spectrum management platiorm 102 may
remove the allocation of the first frequency range from a
second entity to which the first frequency range 1s currently
allocated. In one use case, the second entity may have rights
to use the first frequency range while the first frequency range
1s allocated to the second entity (e.g., to provide users with
services that utilize the first frequency range and/or other
frequency ranges, or to utilize the first frequency range and/or
the other frequency requests for other purposes). In response
to the removal of the allocation of the first frequency range,
the second entity may no longer have rights to use the first
frequency range.
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In some embodiments, a request for deallocation of a fre-
quency range that 1s currently allocated to an entity may
include one or more other requests. For example, a request for
deallocation of the first frequency range that 1s currently
allocated to a second entity may include a request for alloca-
tion/reallocation of the first frequency range to the dealloca-
tion requestor or other entity. As such, after the allocation of
the first frequency range 1s removed from an entity in
response to the deallocation request, the first frequency range
may be allocated/reallocated to the deallocation requestor or
other entity 1dentified 1n the allocated/reallocation request.

FIG. 5 depicts a high-level flow diagram of processes for
coordination of spectrum usage rights among entities, in
accordance with various aspects of the present disclosure. It
should be noted that the processes of FI1G. 5 are intended to be
illustrative. In some embodiments, the processes of FIG. 5
may be occur with one or more additional blocks not
described, and/or without one or more of the blocks dis-
cussed. Additionally, the order with respect to the processes
that are 1llustrated 1in FIG. 5 and described below are not
intended to be limiting. With such understanding 1n mind, 1n
block 502, spectrum management platform 102 may receive
spectrum information from spectrum owners. The spectrum
information may relate to frequency ranges available for allo-
cation to one or more entities.

The spectrum information received from the spectrum
owners may, for mstance, specity: (1) the frequency ranges
(e.g., a start frequency of a frequency range, an end frequency
of the frequency range, etc.); (2) bandwidth associated with
the frequency ranges; (3) owners of the frequency ranges; (4)
locations where use of the frequency ranges 1s available for
allocation (e.g., latitude/longitude coordinates where the fre-
quency ranges are available, coverage radiuses defining the
coverage areas ol the frequency range, etc.); (5) maximum
transmission power permitted over the frequency ranges; (6)
one or more types of entities that are permitted to be allocated
the frequency ranges; (7) whitelists of specific entities that are
permitted to be allocated the frequency ranges; (8) blacklists
of specific entities that are not permitted to be allocated the
frequency ranges; (9) a duration for an allocation of the fre-
quency range (e.g., duration of a lease of usage rights asso-
ciated with a frequency range allocation or other specified
duration); (10) one or more costs 1n exchange for allocation of
the frequency range (e.g., costs to a network operator to lease
usage rights associated with a frequency range allocation or
other costs); or (11) other information relating to the first
frequency range.

In block 504, spectrum management platform 102 may
store the spectrum information in database 110. As discussed,
among other information, database 110 may include informa-
tion relating to frequency ranges available for allocation to an
entity, information relating to frequency ranges unavailable
for allocation to an entity, or mnformation relating to fre-
quency ranges allocated to an entity for that entity’s use.

In block 506, spectrum management platform 102 may
check for spectrum reclamation requests from spectrum own-
ers (e.g., deallocation requests). If, 1n block 508, 1t 1s deter-
mined that a reclaim request from a spectrum owner has been
received, spectrum management platform 102 may 1n block
510 send the reclaim request to a network operator that 1s
currently allocated one or more frequency ranges that are
specified for reclamation 1n the reclamation request and that
are owned by the spectrum owner.

In block 512, spectrum management platform 102 may
wait for confirmation of reclamation from the network opera-
tor to which the frequency ranges specified 1n the reclamation
request 1s currently allocated. The confirmation from the net-
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work operator may, for instance, indicate that the network
operator has vacated the leased frequency ranges. In this way,
spectrum management platform 102 may ensure that the net-
work operator has vacated the leased frequency ranges before
allowing the spectrum owner to use the frequency ranges.

If, in block 514, 1t 1s determined that the confirmation has
been recerved from the network operator, spectrum manage-
ment platform 102 may 1 block 516 send a response to the
spectrum operator to indicate that the frequency ranges have
been reclaimed.

In block 518, spectrum management platform 102 may
check for spectrum requests from network operators. Spec-
trum requests may, for instance, include a request for one or
more frequency ranges that are available for allocation. If, in
block 520, 1t 1s determined that a spectrum request has been
received, spectrum management platform 102 may 1n block
522 query database 110 for frequency ranges that are avail-
able for allocation.

If, 1n block 524, 1t 1s determined that one or more frequency
ranges are available for allocation, spectrum management
platform 102 may in block 526 process the spectrum request.
Processing of the spectrum request may include checking the
consistency of the requesting network operator’s base sta-
tions’ locations and the locations 1n which use of the available
frequency ranges 1s permitted, checking that the available
frequency ranges include the requested frequency ranges,
and/or allocating the requested frequency ranges (if avail-
able) to the requesting network operator.

In block 528, spectrum management platiorm 102 may
send a response to the requesting network operator. The
response may include information relating to the frequency
ranges that will be allocated to the requesting network opera-
tor. Such mformation may, for istance, specily: (1) the fre-
quency ranges; (2) globally unique identifiers associated with
the frequency ranges with respect to the domain of the spec-
trum management platform 102 (or other coordinating unait);
(3) bandwidth of the frequency ranges; (4) a start time at
which the frequency ranges will be available for use; (5) an
expiration time at which the frequency ranges will become
unavailable for use; (6) locations where use of the frequency
ranges by the network operator 1s permitted (e.g., latitude/
longitude coordinates where the frequency ranges are avail-
able for use by the network operator, coverage radiuses defin-
ing the coverage areas of the frequency range, etc.); (7)
maximum transmission power permitted over the frequency
ranges; or (8) other information.

In block 530, spectrum management platform 102 may
wait for confirmation from the requesting network operator.
The confirmation from the network operator may include a
confirmation 1indicating that the network operator has
accepted the allocation of the frequency ranges indicated 1n
the response sent by spectrum management platform 102.

If, in block 532, 1t 1s determined that the confirmation 1s
received from the requesting network operator, spectrum
management platform 102 may 1n block 534 update database
110 to indicate that the frequency ranges have been allocated,
that the frequency ranges are not currently available for allo-
cation to another entity, etc.

In block 536, one or more conditions for reclamation of the
allocated frequency ranges may occur. Reclamation condi-
tions may include conditions relating to an expiration time
associated with the allocation of the frequency ranges, a
request from a spectrum owner of the allocated frequency
ranges to reclaim the allocated frequency ranges, or other
conditions. By way of example, if spectrum management
platform 102 determines that an expiration time associated
with the frequency range allocations have been reached, spec-

10

15

20

25

30

35

40

45

50

55

60

65

14

trum management platform 102 may 1nitiate actions to
remove the frequency range allocations from the network

operator to which the frequency ranges are currently allo-
cated and reallocate the frequency ranges to the spectrum
Owner.

In block 538, spectrum management platform 102 may
receive registration or deregistration requests from one or
more enfities. Based on the registration or deregistration
requests, spectrum management platform may in block 540
register or deregister the entities in database 110. As an
example, information obtain or determined during registra-
tion (or removed from database 110 during deregistration)
may 1nclude usernames or other account identifiers, pass-
codes or other passwords, regulatory 1dentifications of the
entities (e.g., federal agency registration numbers corre-
sponding to the entities or other regulatory identifications),
entity types associated with the entities, or other information.
Other information obtained or determined during registration
may include a device 1dentifier of a device used to register an
entity (e.g., media access control address (MAC), a serial
number of the device, or other device 1dentifier), a network
address of the device used to register the entity (e.g., IP
address, port number, etc.), a location of the device at the time
of registration, etc.

By virtue of the disclosed configurations and processes,
with respect to spectrum management, a number of benefits
are achieved. Some of these benefits may, for instance,
include reduced congestion of wireless spectrums, improved
quality of service to wireless users, increased utilization of
unused spectrum resources (e.g., owned by public safety
agencies or other spectrum owners), real-time coordination of
spectrum usage rights exchange, and/or other benefits.

EXAMPLES

The following examples pertain to further embodiments.

Example 1 1s a communication device comprising a
memory unit, and logic configured to: receive, from a first
entity, spectrum information relating to a first frequency
range available for allocation to an entity; store the spectrum
information 1n a database, wherein the database includes
information relating to frequency ranges available for alloca-
tion to an entity and information relating to frequency ranges
allocated to an entity; receive a request for allocation of at
least one frequency range to a second entity; query the data-
base for at least one frequency range available for allocation
to the second entity based on the allocation request; deter-
mine that the first frequency range 1s available to satisiy the
allocation request based on the query and the storage of the
spectrum 1nformation; and allocate the first frequency range
to the second entity based on the determination that the first
frequency range 1s available to satisiy the request.

In Example 2, the subject matter of Example 1 may option-
ally include that the first entity represents a spectrum owner
that owns the {irst frequency range.

In Example 3, the subject matter of any one of Examples 1
and 2 may optionally include that the second entity represents
a network operator.

In Example 4, the subject matter of any one of Examples
1-3 may optionally include that the logic 1s configured to
update the database to indicate that the first frequency range
1s allocated to the second entity based on the allocation of the
first frequency range.

In Example 3, the subject matter of any one of Examples
1-4 may optionally include that the logic 1s configured to:
remove the allocation of the first frequency range from the
second entity based on an occurrence of one or more condi-
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tions for deallocation of the first frequency range; and update
the database to indicate that the first frequency range 1s avail-
able for allocation to an entity based on the removal.

In Example 6, the subject matter of Example 5 may option-
ally include that the one or more conditions relate to an
expiration time associated with the allocation of the first
frequency range, and that the removal 1s based on a determi-
nation that the expiration time has been reached.

In Example 7, the subject matter of Example 6 may option-
ally include that the logic 1s configured to notify the second
entity regarding the expiration time within a predetermined
time period before the expiration time.

In Example 8, the subject matter of any one of Examples
1-7 may optionally include that the logic 1s configured to:
receive, from the first entity, a request for deallocation of the
first frequency range; and remove the allocation of the first
frequency range from the second entity based on the deallo-
cation request.

In Example 9, the subject matter of Example 8 may option-
ally include that the removal 1s based on a determination that
the first entity represents a spectrum owner that owns the first
frequency range.

In Example 10, the subject matter of any one of Examples
8 and 9 may optionally include that the logic 1s configured to
reallocate the first frequency range to the first entity based on
the deallocation request.

In Example 11, the subject matter of any one of Examples
1-10 may optionally include that the logic 1s configured to:
register the first entity and the second entity; store informa-
tion relating to the registration of the first entity and the
second entity in the database; and authenticate the allocation
request based on the information relating to the registration of
the second entity, wherein the allocation of the first frequency
range 1s based on the authentication.

In Example 12, the subject matter of Example 11 may
optionally include that the authentication 1s further based on
the information relating to the registration of the first entity.

In Example 13, the subject matter of any one of Examples
11 and 12 may optionally include that the information relat-
ing to the registration of the first entity includes an indication
of entities having permission to use the first frequency range.

Example 14 1s a system comprising a communication
device that includes a memory unit and logic configured to:
receive, Irom a first entity, spectrum information relating to a
first frequency range available for allocation to an entity; store
the spectrum mformation 1n a database, wherein the database
includes information relating to frequency ranges available
for allocation to an entity and information relating to fre-
quency ranges allocated to an entity; receive a request for
allocation of at least one frequency range to a second entity;
query the database for at least one frequency range available
for allocation to the second entity based on the allocation
request; determine that the first frequency range 1s available to
satisfy the allocation request based on the query and the
storage of the spectrum information; and allocate the first
frequency range to the second entity based on the determina-
tion that the first frequency range 1s available to satisiy the
request.

In Example 15, the subject matter of Example 14 may
optionally include that the first entity represents a spectrum
owner that owns the first frequency range.

In Example 16, the subject matter of any one of Examples
14 and 15 may optionally include that the second entity rep-
resents a network operator.

In Example 17, the subject matter of any one of Examples
14-16 may optionally include that the logic 1s configured to
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update the database to indicate that the first frequency range
1s allocated to the second entity based on the allocation of the
first frequency range.

In Example 18, the subject matter of any one of Examples
14-17 may optionally include that the logic 1s configured to:
remove the allocation of the first frequency range from the
second entity based on an occurrence of one or more condi-
tions for deallocation of the first frequency range; and update
the database to indicate that the first frequency range 1s avail-
able for allocation to an entity based on the removal.

In Example 19, the subject matter of Example 18 may
optionally include that the one or more conditions relate to an
expiration time associated with the allocation of the first
frequency range, and that the removal 1s based on a determi-
nation that the expiration time has been reached.

In Example 20, the subject matter of Example 19 may
optionally include that the logic 1s configured to notily the
second entity regarding the expiration time within a predeter-
mined time period belore the expiration time.

In Example 21, the subject matter of any one of Examples
14-20 may optionally include that the logic 1s configured to:
receive, from the first entity, a request for deallocation of the
first frequency range; and remove the allocation of the first
frequency range from the second entity based on the deallo-
cation request.

In Example 22, the subject matter of Example 21 may
optionally include that the removal 1s based on a determina-
tion that the first entity represents a spectrum owner that owns
the first frequency range.

In Example 23, the subject matter of any one of Examples
21 and 22 may optionally include that the logic 1s configured
to reallocate the first frequency range to the first entity based
on the deallocation request.

In Example 24, the subject matter of any one of Examples
14-23 may optionally include that the logic 1s configured to:
register the first entity and the second entity; store informa-
tion relating to the registration of the first entity and the
second entity 1n the database; and authenticate the allocation
request based on the information relating to the registration of
the second entity, wherein the allocation of the first frequency
range 1s based on the authentication.

In Example 25, the subject matter of Example 24 may
optionally include that the authentication 1s further based on
the information relating to the registration of the first entity.

In Example 26, the subject matter of any one of Examples
24 and 25 may optionally 1include that the information relat-
ing to the registration of the first entity includes an indication
of entities having permission to use the first frequency range.

Example 27 1s a method comprising: recetving, from a first
entity, spectrum information relating to a first frequency
range available for allocation to an entity; storing the spec-
trum information i1n a database, wherein the database includes
information relating to frequency ranges available for alloca-
tion to an entity and information relating to frequency ranges
allocated to an enfity; receiving a request for allocation of at
least one frequency range to a second entity; querying the
database for at least one frequency range available for allo-
cation to the second entity based on the allocation request;
determining that the first frequency range 1s available to sat-
1s1y the allocation request based on the query and the storage
of the spectrum information; and allocating the first fre-
quency range to the second entity based on the determination
that the first frequency range 1s available to satisty the request.

In Example 28, the subject matter of Example 27 may
optionally include that the first entity represents a spectrum
owner that owns the first frequency range.
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In Example 29, the subject matter of any one of Examples
2’7 and 28 may optionally include that the second entity rep-
resents a network operator.

In Example 30, the subject matter of any one of Examples
2'7-29 may optionally include that the method includes updat-
ing the database to indicate that the first frequency range 1s
allocated to the second entity based on the allocation of the
first frequency range.

In Example 31, the subject matter of any one of Examples
2'7-30 may optionally include that the method includes:
removing the allocation of the first frequency range from the
second entity based on an occurrence of one or more condi-
tions for deallocation of the first frequency range; and updat-
ing the database to indicate that the first frequency range 1s
available for allocation to an entity based on the removal.

In Example 32, the subject matter of Example 31 may
optionally include that the one or more conditions relate to an
expiration time associated with the allocation of the first
frequency range, and that the removal 1s based on a determi-
nation that the expiration time has been reached.

In Example 33, the subject matter of Example 32 may
optionally include that the method includes notifying the
second entity regarding the expiration time within a predeter-
mined time period before the expiration time.

In Example 34, the subject matter of any one of Examples
2'7-33 may optionally include that the method includes:
receiving, from the first entity, a request for deallocation of
the first frequency range; and removing the allocation of the
first frequency range from the second entity based on the
deallocation request.

In Example 35, the subject matter of Example 34 may
optionally include that the removal 1s based on a determina-
tion that the first entity represents a spectrum owner that owns
the first frequency range.

In Example 36, the subject matter of any one of Examples
34 and 35 may optionally include that the method includes
reallocating the first frequency range to the first entity based
on the deallocation request.

In Example 37/, the subject matter of any one of Examples
2'7-36 may optionally include that the method includes: reg-
1stering the first entity and the second entity; storing informa-
tion relating to the registration of the first entity and the
second entity in the database; and authenticating the alloca-
tion request based on the information relating to the registra-
tion of the second entity, wherein the allocation of the first
frequency range 1s based on the authentication.

In Example 38, the subject matter of Example 37 may
optionally include that the authentication 1s further based on
the information relating to the registration of the first entity.

In Example 39, the subject matter of any one of Examples
3’7 and 38 may optionally include that the information relat-
ing to the registration of the first entity includes an indication
of entities having permission to use the first frequency range.

Example 40 1s a computer-readable medium comprising
computer-readable instructions physically embodied thereon
which, when executed by a processor, causes the processor to
perform a method. Such method includes: recerving, from a
first entity, spectrum information relating to a first frequency
range available for allocation to an entity; storing the spec-
trum information in a database, wherein the database includes
information relating to frequency ranges available for alloca-
tion to an entity and information relating to frequency ranges
allocated to an entity; recerving a request for allocation of at
least one frequency range to a second enftity; querying the
database for at least one frequency range available for allo-
cation to the second entity based on the allocation request;
determining that the first frequency range 1s available to sat-
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1s1y the allocation request based on the query and the storage
of the spectrum information; and allocating the first fre-
quency range to the second entity based on the determination
that the first frequency range 1s available to satisy the request.

In Example 41, the subject matter of Example 40 may
optionally include that the first entity represents a spectrum
owner that owns the first frequency range.

In Example 42, the subject matter of any one of Examples
40 and 41 may optionally include that the second entity rep-
resents a network operator.

In Example 43, the subject matter of any one of Examples
40-42 may optionally include that the method includes updat-
ing the database to indicate that the first frequency range 1s
allocated to the second entity based on the allocation of the
first frequency range.

In Example 44, the subject matter of any one of Examples
40-43 may optionally include that the method includes:
removing the allocation of the first frequency range from the
second entity based on an occurrence of one or more condi-
tions for deallocation of the first frequency range; and updat-
ing the database to indicate that the first frequency range 1s
available for allocation to an entity based on the removal.

In Example 45, the subject matter of Example 44 may
optionally include that the one or more conditions relate to an
expiration time associated with the allocation of the first
frequency range, and that the removal 1s based on a determi-
nation that the expiration time has been reached.

In Example 46, the subject matter of Example 45 may
optionally include that the method includes notifying the
second entity regarding the expiration time within a predeter-
mined time period before the expiration time.

In Example 47, the subject matter of any one of Examples
40-46 may optionally include that the method includes:
receiving, from the first entity, a request for deallocation of
the first frequency range; and removing the allocation of the
first frequency range from the second entity based on the
deallocation request.

In Example 48, the subject matter of Example 47 may
optionally include that the removal 1s based on a determina-
tion that the first entity represents a spectrum owner that owns
the first frequency range.

In Example 49, the subject matter of any one of Examples
4’7 and 48 may optionally include that the method includes
reallocating the first frequency range to the first entity based
on the deallocation request.

In Example 30, the subject matter of any one of Examples
40-49 may optionally include that the method includes: reg-
istering the first entity and the second entity; storing informa-
tion relating to the registration of the first entity and the
second entity 1n the database; and authenticating the alloca-
tion request based on the information relating to the registra-
tion of the second entity, wherein the allocation of the first
frequency range 1s based on the authentication.

In Example 51, the subject matter of Example 50 may
optionally include that the authentication 1s further based on
the information relating to the registration of the first entity.

In Example 52, the subject matter of any one ol Examples
50 and 51 may optionally include that the information relat-
ing to the registration of the first entity includes an indication
of entities having permission to use the first frequency range.

Example 53 1s a communication device comprising a
memory unit, and logic configured to: receive, from a first
entity, spectrum information relating to a first frequency
range available for allocation to an entity; store the spectrum
information 1n a database, wherein the database includes
information relating to frequency ranges available for alloca-
tion to an entity and information relating to frequency ranges
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allocated to an entity; recerve a request for allocation of at
least one frequency range to a second entity; query the data-
base for at least one frequency range available for allocation
to the second entity based on the allocation request; deter-
mine that the first frequency range 1s available to satisiy the
allocation request based on the query and the storage of the
spectrum 1nformation; and allocate the first frequency range
to the second entity based on the determination that the first
frequency range 1s available to satisty the request.

In Example 34, the subject matter of Example 353 may
optionally include that the first entity represents a spectrum
owner that owns the first frequency range.

In Example 33, the subject matter of any one of Examples
53 and 54 may optionally include that the second entity rep-
resents a network operator.

In Example 56, the subject matter of any one of Examples
53-535 may optionally include that the logic 1s configured to
update the database to indicate that the first frequency range
1s allocated to the second entity based on the allocation of the
first frequency range.

In Example 57, the subject matter of any one of Examples
53-56 may optionally include that the logic 1s configured to:
remove the allocation of the first frequency range from the
second entity based on an occurrence of one or more condi-
tions for deallocation of the first frequency range; and update
the database to indicate that the first frequency range 1s avail-
able for allocation to an entity based on the removal.

In Example 58, the subject matter of Example 57 may
optionally include that the one or more conditions relate to an
expiration time associated with the allocation of the first
frequency range, and that the removal 1s based on a determi-
nation that the expiration time has been reached.

In Example 39, the subject matter of Example 38 may
optionally 1nclude that the logic 1s configured to notily the
second entity regarding the expiration time within a predeter-
mined time period before the expiration time.

In Example 60, the subject matter of any one of Examples
53-59 may optionally include that the logic 1s configured to:
receive, from the first entity, a request for deallocation of the
first frequency range; and remove the allocation of the first
frequency range from the second entity based on the deallo-
cation request.

In Example 61, the subject matter of Example 60 may
optionally include that the removal 1s based on a determina-
tion that the first entity represents a spectrum owner that owns
the first frequency range.

In Example 62, the subject matter of any one of Examples
60 and 61 may optionally include that the logic 1s configured
to reallocate the first frequency range to the first entity based
on the deallocation request.

In Example 63, the subject matter of any one of Examples
53-62 may optionally include that the logic 1s configured to:
register the first entity and the second entity; store informa-
tion relating to the registration of the first entity and the
second entity 1n the database; and authenticate the allocation
request based on the information relating to the registration of
the second entity, wherein the allocation of the first frequency
range 1s based on the authentication.

In Example 64, the subject matter of Example 63 may
optionally include that the authentication 1s further based on
the information relating to the registration of the first entity.

In Example 65, the subject matter of any one of Examples
63 and 64 may optionally include that the information relat-
ing to the registration of the first entity includes an indication
of entities having permission to use the first frequency range.

Example 66 1s a method comprising: receving, from a first
entity, spectrum information relating to a first frequency
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range available for allocation to an entity; storing the spec-
trum information 1n a database, wherein the database includes
information relating to frequency ranges available for alloca-
tion to an entity and information relating to frequency ranges
allocated to an entity; recerving a request for allocation of at
least one frequency range to a second entity; querying the
database for at least one frequency range available for allo-
cation to the second entity based on the allocation request;
determining that the first frequency range 1s available to sat-
1s1y the allocation request based on the query and the storage
of the spectrum information; and allocating the first fre-
quency range to the second entity based on the determination
that the first frequency range 1s available to satisiy the request.

In Example 67, the subject matter of Example 66 may
optionally 1nclude that the first entity represents a spectrum
owner that owns the first frequency range.

In Example 68, the subject matter of any one of Examples
66 and 67 may optionally include that the second entity rep-
resents a network operator.

In Example 69, the subject matter of any one of Examples
66-68 may optionally include that the method includes updat-
ing the database to indicate that the first frequency range 1s
allocated to the second entity based on the allocation of the
first frequency range.

In Example 70, the subject matter of any one of Examples
66-69 may optionally include that the method includes:
removing the allocation of the first frequency range from the
second entity based on an occurrence of one or more condi-
tions for deallocation of the first frequency range; and updat-
ing the database to indicate that the first frequency range 1s
available for allocation to an entity based on the removal.

In Example 71, the subject matter of Example 70 may
optionally include that the one or more conditions relate to an
expiration time associated with the allocation of the first
frequency range, and that the removal 1s based on a determi-
nation that the expiration time has been reached.

In Example 72, the subject matter of Example 71 may
optionally include that the method includes notifying the
second entity regarding the expiration time within a predeter-
mined time period belore the expiration time.

In Example 73, the subject matter of any one of Examples
66-72 may optionally include that the method includes:
receiving, from the first entity, a request for deallocation of
the first frequency range; and removing the allocation of the
first frequency range from the second entity based on the
deallocation request.

In Example 74, the subject matter of Example 73 may
optionally 1include that the removal 1s based on a determina-
tion that the first entity represents a spectrum owner that owns
the first frequency range.

In Example 73, the subject matter of any one of Examples
73 and 74 may optionally include that the method 1ncludes
reallocating the first frequency range to the first entity based
on the deallocation request.

In Example 76, the subject matter of any one of Examples
66-75 may optionally include that the method includes: reg-
1stering the first entity and the second entity; storing informa-
tion relating to the registration of the first entity and the
second entity 1n the database; and authenticating the alloca-
tion request based on the information relating to the registra-
tion of the second entity, wherein the allocation of the first
frequency range 1s based on the authentication.

In Example 77, the subject matter of Example 76 may
optionally include that the authentication 1s further based on
the information relating to the registration of the first entity.

In Example 78, the subject matter of any one of Examples
76 and 77 may optionally include that the information relat-
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ing to the registration of the first entity includes an indication
of entities having permission to use the first frequency range.

Example 79 1s a system comprising the communication
device of any one of Examples 53-65.

Example 80 1s a computer-readable medium comprising
computer-readable 1nstructions physically embodied thereon
which, when executed by a processor, causes the processor to
perform the method of any one of Examples 66-78.

Example 81 1s an apparatus comprising means for perform-
ing the method of any one of Examples 66-78.

Example 82 1s a communication device comprising a
memory unit, and logic configured to: receive, from a first
entity, spectrum information relating to a first frequency
range available for allocation to an entity; store the spectrum
information 1n a database, wherein the database includes
information relating to frequency ranges available for alloca-
tion to an entity and information relating to frequency ranges
allocated to an entity; recerve a request for allocation of at
least one frequency range to a second entity; query the data-
base for at least one frequency range available for allocation
to the second entity based on the allocation request; deter-
mine that the first frequency range 1s available to satisiy the
allocation request based on the query and the storage of the
spectrum 1nformation; and allocate the first frequency range
to the second entity based on the determination that the first
frequency range 1s available to satisty the request.

In Example 83, the subject matter of Example 82 may
optionally 1nclude that the first entity represents a spectrum
owner that owns the first frequency range.

In Example 84, the subject matter of any one of Examples
82 and 83 may optionally include that the second entity rep-
resents a network operator.

In Example 85, the subject matter of any one of Examples
82-84 may optionally include that the logic 1s configured to
update the database to indicate that the first frequency range
1s allocated to the second entity based on the allocation of the
first frequency range.

In Example 86, the subject matter of any one of Examples
82-85 may optionally include that the logic 1s configured to:
remove the allocation of the first frequency range from the
second entity based on an occurrence of one or more condi-
tions for deallocation of the first frequency range; and update
the database to indicate that the first frequency range 1s avail-
able for allocation to an entity based on the removal.

In Example 87, the subject matter of Example 86 may
optionally include that the one or more conditions relate to an
expiration time associated with the allocation of the first
frequency range, and that the removal 1s based on a determi-
nation that the expiration time has been reached.

In Example 88, the subject matter of Example 87 may
optionally include that the logic 1s configured to notily the
second entity regarding the expiration time within a predeter-
mined time period before the expiration time.

In Example 89, the subject matter of any one of Examples
82-88 may optionally include that the logic 1s configured to:
receive, from the first entity, a request for deallocation of the
first frequency range; and remove the allocation of the first
frequency range from the second entity based on the deallo-
cation request.

In Example 90, the subject matter of Example 89 may
optionally include that the removal 1s based on a determina-
tion that the first entity represents a spectrum owner that owns
the first frequency range.

In Example 91, the subject matter of any one of Examples
89 and 90 may optionally include that the logic 1s configured
to reallocate the first frequency range to the first entity based
on the deallocation request.
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In Example 92, the subject matter of any one of Examples
82-91 may optionally include that the logic 1s configured to:
register the first entity and the second entity; store informa-
tion relating to the registration of the first entity and the
second entity 1n the database; and authenticate the allocation
request based on the information relating to the registration of
the second entity, wherein the allocation of the first frequency
range 1s based on the authentication.

In Example 93, the subject matter of Example 92 may
optionally include that the authentication 1s further based on
the information relating to the registration of the first entity.

In Example 94, the subject matter of any one of Examples
92 and 93 may optionally include that the information relat-
ing to the registration of the first entity includes an indication
of entities having permission to use the first frequency range.

Example 95 1s a method comprising: receiving, {from a first
entity, spectrum information relating to a first frequency
range available for allocation to an entity; storing the spec-
trum information 1n a database, wherein the database includes
information relating to frequency ranges available for alloca-
tion to an entity and information relating to frequency ranges
allocated to an entity; recerving a request for allocation of at
least one frequency range to a second entity; querying the
database for at least one frequency range available for allo-
cation to the second entity based on the allocation request;
determining that the first frequency range 1s available to sat-
1s1y the allocation request based on the query and the storage
of the spectrum information; and allocating the first fre-
quency range to the second entity based on the determination
that the first frequency range 1s available to satisty the request.

In Example 96, the subject matter of Example 95 may
optionally include that the first entity represents a spectrum
owner that owns the first frequency range.

In Example 97, the subject matter of any one of Examples
95 and 96 may optionally include that the second entity rep-
resents a network operator.

In Example 98, the subject matter of any one of Examples
95-97 may optionally include that the method includes updat-
ing the database to indicate that the first frequency range 1s
allocated to the second entity based on the allocation of the
first frequency range.

In Example 99, the subject matter of any one of Examples
05-98 may optionally include that the method includes:
removing the allocation of the first frequency range from the
second entity based on an occurrence of one or more condi-
tions for deallocation of the first frequency range; and updat-
ing the database to indicate that the first frequency range 1s
available for allocation to an entity based on the removal.

In Example 100, the subject matter of Example 99 may
optionally include that the one or more conditions relate to an
expiration time associated with the allocation of the first
frequency range, and that the removal 1s based on a determi-
nation that the expiration time has been reached.

In Example 101, the subject matter of Example 100 may
optionally include that the method includes notifying the
second entity regarding the expiration time within a predeter-
mined time period belore the expiration time.

In Example 102, the subject matter of any one of Examples
95-101 may optionally include that the method includes:
receiving, from the first entity, a request for deallocation of
the first frequency range; and removing the allocation of the
first frequency range from the second entity based on the
deallocation request.

In Example 103, the subject matter of Example 102 may
optionally include that the removal 1s based on a determina-
tion that the first entity represents a spectrum owner that owns
the first frequency range.
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In Example 104, the subject matter of any one of Examples
102 and 103 may optionally include that the method includes
reallocating the first frequency range to the first entity based
on the deallocation request.

In Example 105, the subject matter of any one of Examples
05-104 may optionally include that the method includes:
registering the first entity and the second entity; storing infor-
mation relating to the registration of the first entity and the
second entity 1n the database; and authenticating the alloca-
tion request based on the information relating to the registra-
tion of the second entity, wherein the allocation of the first
frequency range 1s based on the authentication.

In Example 106, the subject matter of Example 105 may
optionally include that the authentication 1s further based on
the information relating to the registration of the first entity.

In Example 107, the subject matter of any one of Examples
105 and 106 may optionally include that the information
relating to the registration of the first entity includes an 1ndi-
cation of entities having permission to use the first frequency
range.

Example 108 1s a system comprising the communication
device of any one of Examples 82-94.

Example 109 1s an apparatus comprising means for per-
tforming the method of any one of Examples 95-107.

Example 110 1s a communication device comprising a
memory unit, and logic configured to: receive, from a first
entity, spectrum information relating to a first frequency
range available for allocation to an entity; store the spectrum
information 1n a database, wherein the database includes
information relating to frequency ranges available for alloca-
tion to an entity and information relating to frequency ranges
allocated to an entity; recerve a request for allocation of at
least one frequency range to a second entity; query the data-
base for at least one frequency range available for allocation
to the second entity based on the allocation request; deter-
mine that the first frequency range 1s available to satisiy the
allocation request based on the query and the storage of the
spectrum 1nformation; and allocate the first frequency range
to the second entity based on the determination that the first
frequency range 1s available to satisty the request.

In Example 111, the subject matter of Example 110 may
optionally 1nclude that the first entity represents a spectrum
owner that owns the first frequency range.

In Example 112, the subject matter of any one of Examples
110 and 111 may optionally include that the second entity
represents a network operator.

In Example 113, the subject matter of any one of Examples
110-112 may optionally include that the logic 1s configured to
update the database to indicate that the first frequency range
1s allocated to the second entity based on the allocation of the
first frequency range.

In Example 114, the subject matter of any one of Examples
110-113 may optionally include that the logic 1s configured
to: remove the allocation of the first frequency range from the
second entity based on an occurrence of one or more condi-
tions for deallocation of the first frequency range; and update
the database to indicate that the first frequency range 1s avail-
able for allocation to an entity based on the removal.

In Example 115, the subject matter of Example 114 may
optionally include that the one or more conditions relate to an
expiration time associated with the allocation of the first
frequency range, and that the removal 1s based on a determi-
nation that the expiration time has been reached.

In Example 116, the subject matter of Example 115 may
optionally include that the logic 1s configured to notily the
second entity regarding the expiration time within a predeter-
mined time period before the expiration time.
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In Example 117, the subject matter of any one of Examples
110-116 may optionally include that the logic 1s configured
to: recerve, from the first entity, a request for deallocation of
the first frequency range; and remove the allocation of the first
frequency range from the second entity based on the deallo-
cation request.

In Example 118, the subject matter of Example 117 may
optionally include that the removal 1s based on a determina-
tion that the first entity represents a spectrum owner that owns
the first frequency range.

In Example 119, the subject matter of any one of Examples
117 and 118 may optionally include that the logic 1s config-
ured to reallocate the first frequency range to the first entity
based on the deallocation request.

In Example 120, the subject matter of any one of Examples
110-119 may optionally include that the logic 1s configured
to: register the first entity and the second entity; store infor-
mation relating to the registration of the first entity and the
second entity 1n the database; and authenticate the allocation
request based on the information relating to the registration of
the second entity, wherein the allocation of the first frequency
range 1s based on the authentication.

In Example 121, the subject matter of Example 120 may
optionally include that the authentication 1s further based on
the information relating to the registration of the first enftity.

In Example 122, the subject matter of any one of Examples
120 and 121 may optionally include that the information
relating to the registration of the first entity includes an indi-
cation of entities having permission to use the first frequency
range.

Example 123 1s a method comprising: receiving, from a
first enftity, spectrum information relating to a first frequency
range available for allocation to an entity; storing the spec-
trum information i1n a database, wherein the database includes
information relating to frequency ranges available for alloca-
tion to an entity and information relating to frequency ranges
allocated to an entity; recerving a request for allocation of at
least one frequency range to a second entity; querying the
database for at least one frequency range available for allo-
cation to the second entity based on the allocation request;
determining that the first frequency range 1s available to sat-
1s1y the allocation request based on the query and the storage
of the spectrum information; and allocating the first fre-
quency range to the second entity based on the determination
that the first frequency range 1s available to satisty the request.

In Example 124, the subject matter of Example 123 may
optionally include that the first entity represents a spectrum
owner that owns the first frequency range.

In Example 123, the subject matter of any one of Examples
123 and 124 may optionally include that the second entity
represents a network operator.

In Example 126, the subject matter of any one of Examples
123-125 may optionally include that the method includes
updating the database to indicate that the first frequency range
1s allocated to the second entity based on the allocation of the
first frequency range.

In Example 127, the subject matter of any one of Examples
123-124 may optionally include that the method includes:
removing the allocation of the first frequency range from the
second entity based on an occurrence of one or more condi-
tions for deallocation of the first frequency range; and updat-
ing the database to indicate that the first frequency range 1s
available for allocation to an entity based on the removal.

In Example 128, the subject matter of Example 127 may
optionally include that the one or more conditions relate to an
expiration time associated with the allocation of the first
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frequency range, and that the removal 1s based on a determi-
nation that the expiration time has been reached.

In Example 129, the subject matter of Example 128 may
optionally include that the method includes notifying the
second entity regarding the expiration time within a predeter-
mined time period before the expiration time.

In Example 130, the subject matter of any one of Examples
123-129 may optionally include that the method includes:
receiving, from the first entity, a request for deallocation of
the first frequency range; and removing the allocation of the
first frequency range from the second entity based on the
deallocation request.

In Example 131, the subject matter of Example 130 may
optionally include that the removal 1s based on a determina-
tion that the first entity represents a spectrum owner that owns
the first frequency range.

In Example 132, the subject matter of any one of Examples
130 and 131 may optionally include that the method includes
reallocating the first frequency range to the first entity based
on the deallocation request.

In Example 133, the subject matter of any one of Examples
123-132 may optlonally include that the method 1ncludes:
registering the first entity and the second entity; storing infor-
mation relating to the registration of the first entity and the
second entity 1n the database; and authenticating the alloca-
tion request based on the information relating to the registra-
tion of the second entity, wherein the allocation of the first
frequency range 1s based on the authentication.

In Example 134, the subject matter of Example 133 may
optionally include that the authentication 1s further based on
the information relating to the registration of the first entity.

In Example 135, the subject matter of any one of Examples
133 and 134 may optionally include that the information
relating to the registration of the first entity includes an 1ndi-
cation of enfities having permission to use the first frequency
range.

Example 136 1s a computer-readable medium comprising,
computer-readable instructions physically embodied thereon
to implement, when executed, the communication device of
any one of Examples 110-122 or the method of any one of
Examples 123-135.

Example 137 1s an apparatus comprising means for per-
forming the method of any one of Examples 123-133.

Having thus described the basic concepts, it will be rather
apparent to those skilled 1n the art after reading this detailed
disclosure that the foregoing detailed disclosure 1s intended to
be presented by way of example only and 1s not limiting.
Various alterations, improvements, and modifications will
occur and are mtended to those skilled in the art, though not
expressly stated herein. These alterations, improvements, and
modifications are intended to be suggested by this disclosure,
and are within the spirit and scope of the exemplary aspects of
this disclosure.

Moreover, certain terminology has been used to describe
embodiments of the present disclosure. For example, the
terms “one embodiment,” “an embodiment,” and/or “some
embodiments” mean that a particular feature, structure or
characteristic described 1n connection with the embodiment
1s included 1n at least one embodiment of the present disclo-
sure. Therefore, i1t 1s emphasized and should be appreciated
that two or more references to “an embodiment” or “one
embodiment” or “an alternative embodiment™ in various por-
tions of this specification are not necessarily all referring to
the same embodiment. Furthermore, the particular features,
structures, or characteristics may be combined as suitable 1n
one or more embodiments of the present disclosure. In addi-
tion, the term “logic™ 1s representative of hardware, firmware,
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soltware (or any combination thereot) to perform one or more
functions. For mstance, examples of “hardware™ include, but
are not limited to, an integrated circuit, a finite state machine,
or even combinatorial logic. The integrated circuit may take
the form of a processor such as a microprocessor, an applica-
tion specific mtegrated circuit, a digital signal processor, a
micro-controller, or the like.

Furthermore, the recited order of method, processing ele-
ments, or sequences, or the use of numbers, letters, or other
designations therefore, 1s not intended to limit the claimed
processes and methods to any order except as can be specified
in the claims. Although the above disclosure discusses
through various examples what 1s currently considered to be
a variety of useful aspects of the disclosure, it 1s to be under-
stood that such detail 1s solely for that purpose, and that the
appended claims are not limited to the disclosed aspects, but,
on the contrary, are intended to cover modifications and
equivalent arrangements that are within the spirit and scope of
the disclosed aspects.

Similarly, 1t should be appreciated that in the foregoing
description of embodiments of the present disclosure, various
features are sometimes grouped together 1n a single embodi-
ment, figure, or description thereot for the purpose of stream-
lining the disclosure aiding in the understanding of one or
more of the various inventive aspects. This method of disclo-
sure, however, 1s not to be terpreted as reﬂectmg an 1nten-
tion that the claimed subject matter requires more features
than are expressly recited in each claim. Rather, as the fol-
lowing claims reflect, mnventive aspects lie in less than all
features of a single foregoing disclosed embodiment. Thus,
the claims following the detailed description are hereby
expressly imcorporated into this detailed description.

What 1s claimed 1s:

1. A communication device, comprising:

a memory unit; and

logic configured to:

receive a request for allocation of at least one frequency
range to a second enfity;

query a database for at least one frequency range avail-
able for allocation to the second entity based on the
allocation request, wherein the database includes
information related to frequency ranges available for
allocation to an enftity;

allocate a first frequency range related to a first entity to
the second entity based on a determination that,
responsive to the query and the information stored 1n
the database, the first frequency range of the fre-
quency ranges 1s available to satisty the allocation
request;and

remove the allocation of the first frequency range from
the second entity based on a deallocation event.

2. The communication device of claim 1, wherein the first
entity represents a spectrum owner that owns the first fre-
quency range, and wherein the second entity represents a
network operator.

3. The communication device of claim 1, wherein the logic
1s configured to update the database to indicate that the first
frequency range 1s allocated to the second entity based on the
allocation of the first frequency range.

4. The communication device of claim 1, wherein the logic
1s configured to:

remove the allocation of the first frequency range from the

second entity based on an occurrence of one or more
conditions for deallocation of the first frequency range;
and
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update the database to indicate that the first frequency
range 1s available for allocation to an entity based on the
removal.

5. The communication device of claim 4, wherein the one
or more conditions relate to an expiration time associated
with the allocation of the first frequency range, wherein the
removal 1s based on a determination that the expiration time
has been reached, and wherein the logic 1s configured to
notily the second entity regarding the expiration time within
a predetermined time period before the expiration time.

6. The communication device of claim 1, wherein the logic
1s configured to:

receive, from the first entity, a request for deallocation of

the first frequency range; and

remove the allocation of the first frequency range from the

second entity based on the deallocation request.

7. The communication device of claim 6, wherein the
removal 1s based on a determination that the first entity rep-
resents a spectrum owner that owns the first frequency range.

8. The communication device of claim 6, wherein the logic
1s configured to reallocate the first frequency range to the first
entity based on the deallocation request.

9. The communication device of claim 1, wherein the logic

1s configured to:

register the first entity and the second entity;

store information relating to the registration of the first

entity and the second entity 1n the database;

receive, Irom the first entity, spectrum information related

to the first frequency range available for allocation to an
entity; and
store the spectrum 1information in the database; and
authenticate the allocation request based on the informa-
tion relating to the registration of the second entity,

wherein the determination that the first frequency range 1s
available to satisty the allocation request 1s further based
on the spectrum information related to the first fre-
quency range, and the allocation of the first frequency
range 1s based on the authentication.
10. The communication device of claim 9, wherein the
authentication 1s further based on the information relating to
the registration of the first entity, and wherein the information
relating to the registration of the first entity includes an 1ndi-
cation of entities having permission to use the first frequency
range.
11. A method comprising:
receiving, by one or more processors,. a request for allo-
cation of at least one frequency range to a second entity;

querying, by the one or more processors, a database for at
least one frequency range available for allocation to the
second entity based on the allocation request, wherein
the database includes mnformation related to frequency
ranges available for allocation to an entity;

allocating, by the one or more processors, a first frequency

range related to a first entity to the second entity based on
a determination that, responsive to the querying and the
information stored in the database, the first frequency
range of the frequency ranges 1s available to satisty the
allocation request; and

removing, by the one or more processors, the allocation of

the first frequency range from the second entity based on
a deallocation event.
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12. The method of claim 11, wherein the first entity repre-
sents a spectrum owner that owns the first frequency range,
and wherein the second entity represents a network operator.

13. The method of claim 11, further comprising:

updating, by the one or more processors, the database to

indicate that the first frequency range 1s allocated to the
second entity based on the allocation of the first fre-
quency range.

14. The method of claim 11, further comprising:

removing, by the one or more processors, the allocation of

the first frequency range from the second entity based on
an occurrence of one or more conditions for deallocation

of the first frequency range; and

updating, by the one or more processors, the database to
indicate that the first frequency range 1s available for
allocation to an entity based on the removal.

15. The method of claim 14, wherein the one or more
conditions relate to an expiration time associated with the
allocation of the first frequency range, wherein the removal 1s
based on a determination that the expiration time has been

reached, the method further comprising:
notifying, by the one or more processors, the second entity
regarding the expiration time within a predetermined
time period before the expiration time.

16. The method of claim 11, further comprising;:

receving, by the one or more processors, from the first

entity, a request for deallocation of the first frequency
range; and

removing, by the one or more processors, the allocation of

the first frequency range from the second entity based on
the deallocation request.

17. The method of claim 16, wherein the removal 1s based
on a determination that the first entity represents a spectrum
owner that owns the first frequency range.

18. The method of claim 16, further comprising:

reallocating, by the one or more processors, the first ire-

quency range to the first entity based on the deallocation
request.

19. The method of claim 11, further comprising;:

registering, by the one or more processors, the first entity

and the second entity;

storing, by the one or more processors, information relat-

ing to the registration of the first entity and the second
entity 1n the database;
receving, by the one or more processors, from the first
entity, spectrum information related to the first fre-
quency range available for allocation to an entity; and

storing, by the one or more processors, the spectrum 1nfor-
mation 1n the database; and

authenticating, by the one or more processors, the alloca-

tion request based on the information relating to the
registration of the second entity,

wherein the determination that the first frequency range 1s

available to satisty the allocation request 1s further based
on the spectrum information related to the first fre-
quency range, and the allocation of the first frequency
range 1s based on the authentication.

20. The method of claim 19, wherein the authentication 1s
turther based on the information relating to the registration of
the first entity, and wherein the information relating to the
registration of the first entity includes an indication of entities
having permission to use the first frequency range.
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